Introduction: Young adulthood (aged 18-24) is a crucial period in the development of long-term tobacco use patterns. Tobacco advertising and promotion lead to the initiation and continuation of smoking among young adults. We examined whether vulnerability factors moderated the association between tobacco advertisement liking and tobacco use in the United States. Methods: Analyses were conducted among 9109 US young adults in the nationally representative Population Assessment of Tobacco and Health (PATH) Study wave 1 . Participants viewed 20 randomly selected sets of tobacco advertisements (five each for cigarettes, e-cigarettes, cigars, and smokeless tobacco) and indicated whether they liked each ad. The outcome variables were past 30-day cigarette, e-cigarette, cigar, and smokeless tobacco use. Covariates included tobacco advertisement liking, age, sex, race or ethnicity, sexual orientation, education, poverty level, military service, and internalizing and externalizing mental health symptoms. Results: Liking tobacco advertisements was associated with tobacco use, and this association was particularly strong among those with lower educational attainment (cigarettes, cigars) and living below the poverty level (e-cigarettes, smokeless tobacco).
Introduction
Most daily smokers (88%) in the United States try their first cigarette by age 18, and nearly, all (99%) start by age 26. 1 During the 2000s, the rate of smoking onset was actually greater among young adults (aged 18-25; 6.3%) than adolescents (aged 12-17; 1.9%). 2 Almost one-third (31%) of US adult daily smokers began smoking daily in young adulthood (19) (20) (21) (22) (23) (24) (25) (26) , while only 4% transitioned to daily smoking after age 26.
1 Young adulthood is a critical period for determining if intermittent smoking will become a long-term addiction. 3 Young adults (18) (19) (20) (21) (22) (23) (24) have the highest prevalence of 30-day use of all tobacco products compared with other age groups. 4 Among young adults, the most popular tobacco products (30-day use) are cigarettes (28.8%), e-cigarettes (12.5%), cigarillos (12.4%), and hookah (10.7%). 4 Among young adults, tobacco use is highest among certain vulnerable populations including American Indians or Alaska Natives and Whites, [5] [6] [7] lesbian, gay, bisexual, and transgender (LGBT) individuals, 8 low income, 6, 8 low educational attainment, 6, [8] [9] [10] military personnel, 11 and individuals with mental health symptoms. 12 There has also been a call to action for a greater focus on women's tobacco use and a consideration of gender in tobacco prevention and control activities. 13 While young adult males smoke cigarettes more than females, the gender gap has decreased. 14 Many of these populations have been the focus of tobacco industry marketing tailored for cultural, racial or ethnic, and low socioeconomic groups. 15, 16 Targeted advertising could contribute to these groups being particularly vulnerable to tobacco marketing and promotion, thus being more receptive to liking tobacco advertisements.
Tobacco Marketing
Exposure to tobacco advertising is associated with increased likelihood of initiation and continuation of smoking among young adults. 1 A partial explanation for the effectiveness of tobacco advertising is the extent to which viewers like an advertisement. 17, 18 Advertising liking has been shown to be one of the strongest factors associated with persuasion and sales. 19 Smit et al. 20 proposed several reasons for this association. First, people are more likely to pay attention to advertisements they like, which can lead to greater message processing. Second, advertising is considered an extension of the brand, so advertisement liking could lead to buying the product. Third, likable advertisements may influence information processing by stimulating positive arousal and activation, improving information recall, and leading to positive judgments of the message and product. Fourth, positive emotions in advertisements arouse positive attitudes toward the advertisement, which transfers to the likability of the brand and may lead to an amplification of benefits and reduced perceived risk. 20, 21 Previous research on tobacco advertising liking among adolescents demonstrates positive associations between tobacco advertising liking and tobacco susceptibility and use. 22, 23 Research on young adults is less common but shows a similar association of tobacco advertising liking and use. 3, [24] [25] [26] However, these studies have not examined differences in the association between tobacco advertisement liking and use based on vulnerability factors. Tobacco companies have historically developed global marketing strategies (eg, lifestyle magazines) targeted to young adults, including advertising at universities, colleges, bars, and clubs, which have been associated with tobacco use among young adults. 3, 10, [27] [28] [29] The widespread efforts of the tobacco industry in advertising to young adults likely have contributed to advertising liking and tobacco use.
The current study examines whether vulnerability factors strengthen the association between tobacco advertisement liking and use. Vulnerability factors indicate groups that have high tobacco use prevalence and have been the focus of targeted tobacco industry marketing. We hypothesize that tobacco advertisement liking and vulnerability factors (ie, male, White, lesbian, gay, bisexual, something else [ LGB], low income, low educational attainment, mental health symptoms, military personnel) will be associated with 30-day tobacco use and that the association between tobacco advertisement liking and use will be stronger among individuals with vulnerability characteristics.
Method

Data Source
The nationally representative sample consisted of US young adults aged 18-24 (N = 9112) from the US National Institutes of Health and US Food and Drug Administration's Population Assessment of Tobacco and Health (PATH) wave 1 dataset. An address-based, areaprobability sampling method identified participant households. 30 The study oversampled tobacco users, young adults (18-24 years old), and African Americans. Data collection of wave 1 was conducted from September 12, 2013 to December 15, 2014 by Westat using audio computer-assisted self-interviewing. The study addressed tobacco use, health outcomes, risk perceptions, and attitudes toward current and emerging tobacco products. The survey design and protocol were approved by the Westat Institutional Review Board (IRB), data collection approved by the US Office of Management and Budget, and analysis approved by the University of Southern California IRB. More information about the design and methods are available elsewhere. 31 
Measures
Demographic Characteristics
Demographic variables were age, sex (male, female), sexual orientation (straight, LGB), race or ethnicity (Hispanic, White, Black, Asian, Native Hawaiian or Other Pacific Islander, American Indian or Alaska Native, multiethnic), education (less than high school or General Educational Development [GED], high school degree, some college or associate degree, bachelor's or advanced degree), poverty level based on annual household income and US Department of Health and Human Services (HHS) poverty guidelines (<100% of federal poverty level, 100%-199%, ≥200%), and military service (never served, served).
Mental Health Symptoms
Internalizing and externalizing symptoms were assessed with scales from the Global Appraisal of Individual Needs-Short Screener modified for the PATH study. 32 The four-item internalizing subscale assessed depression, sleep troubles, anxiety, and distress. The fiveitem externalizing subscale assessed attention deficits, hyperactivity, impulsivity, and conduct problems. Points were assigned for each item if participants indicated past 12-month incidence of the symptom and categorized as low (0), moderate (1-2), and high (3+), as recommended to identify people likely to have a current diagnosis.
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Tobacco Advertisement Liking
Participants indicated whether they liked 20 tobacco advertisements that were randomly sampled for each participant from a pool of 959 actual tobacco advertisements in various media (print, TV, web).
While participants did not see the same 20 advertisements, each participant was shown five cigarette, five e-cigarette, five smokeless tobacco, and five cigar advertisements. These advertisements were part of 11 stratum: (1) one Marlboro cigarette, (2) one Camel cigarette, (3) one Newport cigarette, (4) two other cigarettes, (5) two snus, (6) two oral dip, (7) one chew, (8) one large cigar, (9) four cigar or cigarillo, (10) two e-cigarette TV, and (11) three e-cigarette non-TV advertisements. Advertisements were randomly selected within each stratum during the administration of the interview. Once an ad was selected for a participant, the systematic sampling used a newly generated random number to start the selection process again. Participants were shown an advertisement and asked if they "like this ad," "have no opinion about this ad," or "dislike this ad." We created four advertisement liking variables based on the featured tobacco product: cigarettes, e-cigarettes, cigars (large cigar, non-large cigar), and smokeless (Snus, oral dip, chew). We categorized to participants who had no opinion or disliked all advertisements (did not like advertisements), liked one advertisement, and liked two to five advertisements (liked multiple advertisements). This categorical measure was used for all analysis instead of a continuous measure because the continuous measure had significant skew and kurtosis: cigarette 
Tobacco Use
The four outcome variables were used in the past 30 days of tobacco products featured in the advertisements: cigarettes, e-cigarettes, cigars (traditional cigars, cigarillos, filtered cigars), and smokeless (smokeless tobacco, snus). Participants were categorized as "used" if they used that tobacco product in the past 30 days or "did not use" otherwise.
Statistical Analysis
PATH data are weighted to compensate for oversampling of some groups and non-response. Final adult weights as calculated by the PATH Study were used for analysis. 33 We conducted the analysis with complex samples ordinal regression (advertisement liking as outcome variables) and logistic regression (tobacco use as outcome variables) in SPSS 24. All vulnerability factors were entered into the models as covariates to control for their association with advertisement liking and tobacco use. However, because of small cell sizes, American Indians or Alaska Natives and Native Hawaiians or Pacific Islanders had to be dropped from all analyses, while Asians were dropped from smokeless tobacco analysis.
The outcome variables for advertisement liking were cigarette ads, e-cigarette ads, cigar ads, and smokeless tobacco ads. As each outcome consisted of three levels, we conducted separate ordinal regressions analyzing the main effects of the vulnerability characteristics.
For our main analyses, the outcome variables were 30-day cigarette, e-cigarette, cigar, and smokeless tobacco use. We first included only main effects. Second, we ran separate analyses for ad liking interactions with the vulnerability characteristics. Results are reported when a significant interaction suggested that vulnerability characteristics (eg, education) moderated the association (ie, changed the strength or direction) between ad liking and tobacco use. However, details are not provided when a significant interaction suggested that ad liking moderated the association between vulnerability characteristics and tobacco use. This analysis assessed the association between variables; it does not assess causality as data were collected simultaneously. Only significant results are reported (p < .05).
Results
Sample Demographics
The sample was 50.3% male, 21.1 years of age on average, and predominantly non-Hispanic White (55.0%), straight (91.2%), and had never served in the military (98.5%). A plurality had completed some college or associate degree (43.2%) and were living below the poverty line (47.4%) ( Table 1) .
Tobacco Advertisement Liking
There were 11.0% of participants who liked one cigarette ad and 5.8% who liked multiple cigarette ads. Greater odds of liking cigarette advertisements were reported for older age, male, LGB, military service, and moderate and high levels of externalizing symptoms. Lower odds were reported for high school graduate. There were 9.4% of participants who liked one e-cigarette ad and 7.0% who liked multiple e-cigarette ads. Greater odds of liking e-cigarette advertisements were reported for LGB and moderate and high levels of internalizing and externalizing symptoms. Lower odds were reported for all levels of lower education. There were 8.1% who liked one cigar ad and 6.2% who liked multiple cigar ads. Greater odds of liking cigar advertisements were reported for male, LGB, Black, multiracial or ethnic, and moderate and high levels of internalizing and externalizing symptoms. Lower odds were reported for less education than high school or GED and high school graduate. There were 6.8% of participants who liked one smokeless tobacco ad and 5.5% who liked multiple smokeless tobacco ads. Greater odds of liking smokeless tobacco advertisements were reported for male, military service, and moderate and high levels of externalizing symptoms. Lower odds were reported for Black, less education than high school or GED, and high school graduate. Percentages of liking tobacco advertisements by vulnerability characteristics are presented in Supplementary Table 1 .
30-Day Cigarette Use
Nearly, a third (28.8%) of participants used cigarettes in the past 30 days. Greater odds of cigarette use were reported for liking cigarette advertisements, older age, LGB, White, less education than high school or GED, high school graduate, some college or associate degree, below poverty level, at or near the poverty level, military service, and high levels of internalizing and externalizing symptoms (Table 1) .
Ad Liking by Education Level
There was a significant ad liking interaction with education, Wald F(6, 94) = 2.54, p = .03. The results suggested that education level moderated the relationship between ad liking and 30-day cigarette use. Among all lower levels of education, liking one ad and liking multiple ads was associated with greater odds of 30-day cigarette use than liking no ads. However, among individuals with a bachelor's or advanced degree, liking cigarette ads did not significantly change the association with cigarette use (Table 2, Figure 1 ). 
30-Day E-Cigarette Use
Prevalence of 30-day e-cigarette use was 12.5%. Greater odds of e-cigarette use were reported for liking e-cigarette advertisements, older age, male, LGB, White, less education than high school or GED, high school graduate, some college or associate degree, below poverty level, at or near poverty level, and high levels of internalizing and externalizing symptoms (Table 1) .
Ad Liking by Education
There was a significant ad liking interaction with education, Wald F(6, 94) = 2.62, p = .02. However, the results suggested that ad liking moderated the relationship between education level and e-cigarette use rather than education level moderating the relationship between ad liking and e-cigarette use.
Ad Liking by Poverty Level
There was a significant ad liking interaction with poverty level, Wald F(4, 96) = 3.40, p = .01 (Supplementary Table 2 , Figure 2) . The results suggested that the relationship between ad liking and 30-day e-cigarette use was moderated by poverty level. Among those living below the poverty level, liking multiple ads was associated with greater odds of e-cigarette use than liking no ads; however, among those living twice above the poverty level, liking multiple ads was not significantly different than liking no ads.
Ad Liking by Internalizing Symptoms
There was a significant ad liking interaction with internalizing symptoms, Wald F(4, 96) = 2.53, p = .045 (Supplementary Table 3 , Supplementary Figure 2) . The results suggested that the relationship between ad liking and 30-day e-cigarette use was moderated by internalizing symptoms. Among those with low internalizing symptoms, liking one ad was associated with greater odds of 30-day e-cigarette use than liking no ads. However, among those with moderate internalizing symptoms, there was no difference between liking one ad and liking no ads.
30-Day Cigar Use
Prevalence of 30-day cigar use was 15.5%. Greater odds of cigar use were reported for liking cigar advertisements, male, LGB, White, less education than high school or GED, high school graduate, some college or associate degree, below the poverty level, at or near the poverty level, and high levels of internalizing and externalizing symptoms (Table 1) .
Ad Liking by Age
There was a significant ad liking interaction for age, Wald F(2, 98) = 3.32, p = .04. However, the results suggested that ad liking moderated the association between age and 30-day cigar use rather than age moderating the association between ad liking and cigar use.
Ad Liking by Education
There was a significant ad liking interaction for education, Wald F(6, 94) = 4.68, p < .001 (Supplementary Table 4 , Supplementary  Figure 3) . The results suggested that the relationship between ad liking and 30-day cigar use was moderated by education level. Among high school graduates, liking one ad and liking multiple ads was associated with greater odds of cigar use than liking no ads; however, among those with a bachelor's or advanced degree, there were no differences in cigar use across levels of ad liking. Ads = advertisements; B/A = bachelor's or advanced degree; CI = confidence interval; <HS/GED = less than high school or GED; HSG = high school graduate; OR = odds ratio; Ref = reference group; SC/A = some college or associate degree. ORs are adjusted for age, sex, sexual orientation, ethnicity, poverty level, military service, internalizing symptoms, and externalizing symptoms. Percentages are weighted. Percentages are those within each education level who used cigarettes. *p < .05, **p < .01, ***p < .001.
30-Day Smokeless Tobacco Use
Prevalence of 30-day smokeless tobacco use was 5.3%. Greater odds of smokeless tobacco use were reported for liking smokeless tobacco advertisements, male, White, less education than high school or GED, high school graduate, some college or associate degree, and high levels of internalizing and externalizing symptoms (Table 1) .
Ad Liking by Poverty Level
There was a significant ad liking interaction for poverty level, Wald F(4, 96) = 3.34, p = .01 (Supplementary Table 5 , Supplementary  Figure 4) . The results suggested that the relationship between ad liking and 30-day smokeless tobacco use was moderated by poverty level. Among those living below poverty level, liking one or multiple ads was associated with greater odds of smokeless tobacco use than liking no ads. However, among those living twice above poverty level, only liking multiple ads was associated with greater odds of smokeless tobacco use than liking no ads.
Ad Liking by Military Service
There was a significant ad liking interaction for military service, Wald F(2, 98) = 3.23, p = .04. However, the results suggested that ad liking moderated the association between military service and 30-day smokeless tobacco use rather than military service moderating the association between ad liking and smokeless tobacco use.
Ad Liking by Internalizing Symptoms
There was a significant ad liking interaction for internalizing symptoms, Wald F(4, 96) = 2.82, p = .03. However, the results suggested that ad liking moderated the association between internalizing symptoms and 30-day smokeless tobacco use rather than internalizing symptoms moderating the association between ad liking and smokeless tobacco use.
Ad Liking by Externalizing Symptoms
There was a significant ad liking interaction for externalizing symptoms, Wald F(4, 96) = 3.94, p = .005. However, the results suggested that ad liking moderated the association between externalizing symptoms and 30-day smokeless tobacco use rather than externalizing symptoms moderating the association between ad liking and smokeless tobacco use.
Discussion
Our results support findings discussed previously that young adult male, White, LGB, low income, low education, military personnel, and populations with mental health symptoms have higher rates of tobacco use. 5, 8, 11, 12 Liking tobacco advertisements was also associated with greater odds of 30-day tobacco use. This finding supports results found in a recent study of adolescents, using PATH data, in which receptivity to tobacco advertising was associated with susceptibility to cigarette smoking. 23 Our results found that while liking tobacco advertisements was associated with tobacco use, this association was stronger among those with certain vulnerability characteristics (ie, lower education levels and living below the poverty level). The tobacco industry has identified blue-collar workers or the working class as a critical segment of the population to target with marketing efforts. 15, 16 This population includes individuals with lower educational attainment and income levels. 15, 34 As such, the tobacco industry has historically designed major campaigns for this population (eg, Marlboro cowboy). 15 Having major tobacco campaigns targeted specifically at individuals with low educational attainment and income levels could increase the personal relevance of the advertisements. Personal relevance may be the "most important determinant of interest and motivation to process the message." 35(p136) Greater message processing leads to attitudes that are resistant, relatively enduring, and predictive of behavior. 36 Thus, increased personal relevance could contribute to tobacco advertisement liking having a strong association with tobacco use among individuals with lower educational attainment and income levels. Furthermore, lower income neighborhoods tend to have more tobacco marketing, 37 which could lead to increased advertisement liking via the mere exposure effect. 38 
Implications, Limitations, and Directions for Future Research
The current study analyzes cross-sectional data, so causality cannot be determined. Future randomized experiments could more directly assess causality in the relationship between ad liking and tobacco use and test a variety of policy (eg, policies to reduce point of sale advertising) or intervention approaches (eg, antitobacco campaigns to see if they may buffer this relationship), particularly for young adults with low educational attainment and those living below the poverty level. To better reach these populations, the tobacco control community could consider low income, lower levels of literacy and numeracy, 39 and environmental factors, such as exposure to advertising and promotion, that are associated with tobacco use in these populations.
The ideal solution would be a tobacco advertising ban; where that is not feasible, marketing restrictions could be imposed. For example, policies for tobacco regulations at point of sale that could potentially reduce young adult tobacco use include restricting coupon redemption, required health warnings and smoking cessation information at the point of sale, restricting the size of brand displays (eg, only displaying one package of each tobacco product), and restricting the amount of tobacco display space. 40 Additionally, targeted prevention or inoculation campaigns could be disseminated. Research suggests that antitobacco campaigns can counteract protobacco marketing. 41 For example, the US Centers for Disease Control and Prevention (CDC) developed the effective Tips From Former Smokers campaign, which has targeted at-risk populations of smokers such as military personnel. 16 A study limitation is that it is cross-sectional, so causality could not be determined. Liking tobacco advertisements could lead to tobacco use or vice versa or there could be a reciprocal influence. It is also possible that both advertisement liking and tobacco use could be related to a third factor such as protobacco social norms. For example, a study found that tobacco advertising indirectly influenced smoking susceptibility through the perceived effect of the advertisements on the attitudes and behaviors of adolescents' peers. 42 Another limitation is that information on the specifics of the 959 tobacco advertisements (eg, visual attributes and message content) were not released by PATH, so we could not determine the features of the advertisements that may be more likeable for vulnerable populations. Because of severe skew and kurtosis, we categorized the tobacco advertisement liking variable into three categories. Furthermore, 30-day tobacco use may not distinguish between intermittent and regular tobacco use.
A strength is the large nationally representative sample, which increases US generalizability. Similar results on the association between socioeconomic status and tobacco use have also been found internationally. 43, 44 Another strength is that advertisements were selected from a large database of real-world tobacco advertisements. Given limited research related to tobacco use in certain vulnerable populations, this study aids in filling a gap in the literature on whether the association between tobacco advertisement liking and tobacco use is especially strong among vulnerable young adults.
Conclusion
This study demonstrates that tobacco advertisement liking was associated with current tobacco use among young adults, and this association was stronger among those with certain vulnerability characteristics. This indicates a potential increased tobacco advertising receptivity in these groups. These findings suggest a need for tobacco control campaigns and policy interventions to offset the negative influence of tobacco advertisements among vulnerable groups.
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